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PROCESS AND APPARATUS FOR INTEGRATING AN 
ALKENE DERIVATIVE PROCESS WITH AN ETHYLENE PROCESS 

Field of the Invention 
5 [0001] This invention relates to a process and 

apparatus for integrating an alkene derivative process, 
such as an ethylene derivative process, with an 
ethylene process. 

10 Background of the Invention 

[0002] Many well-known processes are used for the 
manufacturing of alkene derivatives such as ethylene 
oxide and vinyl acetate monomers. Generally, these 
processes employ a purge to prevent build up of inerts 

15 in the alkene derivative production system. This purge 
stream can contain ethylene concentrations as high as 
30 mole percent in an ethylene oxide process and as 
high as 80 mole percent in a vinyl acetate process. 
Depending on the process used, the amount of ethylene 

20 lost in the purge could be 1% or more of the amount 

required for the derivative process. The prior art has 
generally focused on recovering ethylene from the purge 
stream using separation schemes employing absorption, 
adsorption or membrane systems and could be located 

25 near the alkene derivative reactor of the alkene 

derivative process. For example, ethylene, oxygen and 
other reactants may react to produce an alkene 
derivative from a reactor. Process gas containing 
unconverted reactants in process gas treatment unit may 

30 be treated to remove carbon dioxide and then recycled 
back to the reactor. A purge gas stream from the 
process gas treatment may be vented to prevent build-up 
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of inert or undesirable components in the process loop. 
While some plants incinerate the purge stream, others 
recover valuable ethylene from the purge stream for 
recycle to the reactor. An ethylene recovery unit may 
5 be used for this purpose, producing ethylene rich 

stream for recycle to the reactor and ethylene depleted 
stream, which is vented to reject the inerts. In some 
cases, ethylene depleted stream may be incinerated or 
used as a fuel. The ethylene recovery unit may be an 

10 absorption means, membrane means, pressure swing 

adsorption (PSA) means alone or in combination with a 
cryogenic unit. 

[0003] U.S. Patent No. 4,769,045 discloses a 
process for the direct oxidation of ethylene to 

15 ethylene oxide, in which ethylene is recovered from 
normally vented gas by contacting first with an 
activated carbon adsorbents and then by pressure swing 
adsorption with a zeolitic molecular sieve adsorbent. 
[0004] U.S. Patent No. 5,519,152 discloses a 

20 process of manufacturing ethylene oxide. Ethylene and 
free oxygen are reacted in the presence of methane, 
carbon dioxide, and argon in a reactor to form an 
effluent comprising ethylene oxide. The effluent is 
then withdrawn and ethylene oxide is removed from the 

25 effluent to obtain a recycle stream. The carbon 

dioxide and argon are removed from the recycle stream 
to obtain a treated recycle stream, which is supplied 
to the reactor along with additional reactants and 
methane . 

30 [0005] U.S. Patent No. 5,518,527 discloses a 

method for recovering ethylene from ethylene-containing 
vent gas from a plant for production of ethylene oxide. 
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wherein ethylene is separated from saturated 
hydrocarbons such as methane, ethane and oxygen and 
then recovered efficiently. In this method, the vent 
gas contacts with molecular sieve carbon to selectively 
5 adsorb ethylene without substantial adsorption of the 
oxygen contained in the vent gas. The ethylene is then 
desorbed and recovered. 

[0006] U.S. Patent No. 4,904,807 discloses a 
process for producing ethylene oxide, which minimizes 

10 unreacted ethylene losses through the use of semi- 
permeable membrane units, thereby allowing an 
effective, selective removal of argon from the process 
cycle gas, without significant ethylene losses . 

[0007] U.S. Patent No. 4,879,396 discloses a 

15 process for producing ethylene oxide utilizing suitable 
semipermeable membrane units to selectively remove 
desired amounts of both carbon dioxide and argon 
diluents from the reaction recycle gas. This process 
makes available a much cheaper low purity oxygen source 

20 notwithstanding feed purge loss. 

[0008] U.S. Patent No. 5,817,841 discloses a 
process and apparatus for ethylene oxide production. A 
membrane unit containing a membrane selectively 
permeable to ethylene over argon is used to recover 

25 ethylene from the argon purge stream. 

[0009] U.S. Patent No. 5,233,060 discloses a 
direct-oxidation ethylene oxide process by reacting a 
feed gas stream including ethylene and a commercially- 
pure oxygen in one or more reactors and absorbing out 

30 ethylene oxide from the product stream from the one or 
more reactors in a first absorption zone. Unreacted 
ethylene is then removed from an ethylene-rich argon 
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purge gas stream via an adsorber and a stripper in 
combination. Recovered ethylene is recycled to the 
feed gas stream. An ethylene-lean argon purge gas 
stream is removed. 
5 [0010] U.S. Patent No. 5,952,523 discloses a 

method for producing vinyl acetate using ethylene, 
acetic acid and argon containing oxygen that maximizes 
selectivity and minimizes ethylene loses to purge. 

[0011] The prior art generally involves dedicated 

10 separation units for ethylene recovery. In many cases, 
ethylene is obtained at low pressure and a dedicated 
compressor must be used to recompress it to the 
operating pressure of the reactor. Due to incomplete 
recovery, a small volume of vent stream containing 

15 hydrocarbon is still generated. This vent gas must be 
either incinerated or burned as a fuel. Also, if the 
recovered ethylene contains impurities, complex 
controls will be required to prevent their build up in 
the recycle loop. 

20 [0012] It is an object of the present invention 

to provide a process and apparatus for recycling 
ethylene from the purge stream of an alkene derivative 
process . 

[0013] It is another object of the present 
25 invention to provide a process and apparatus for 
integrating an alJcene derivative process with an 
ethylene process to effectively minimize allcene loss in 
the purge stream of the alkene derivative process. 

[0014] It is yet another object of the present 
30 invention to provide a process and apparatus for 
recovering ethylene from the purge stream of an 
ethylene oxide process . 
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[0015] It is yet another object of the present 
invention to provide a process and apparatus for 
recovering the ethylene from the purge stream of a 
vinyl acetate monomer process. 

5 

Summary of the Invention 

[0016] This invention is related to a process for 
integrating an allcene derivative process with an 
ethylene process comprising the steps of (a) feeding a 

10 hydrocarbon feedstock to an allcene process to produce 
alJcene; (b) reacting allcene with oxygen and reactants 
to produce an allcene derivative such as an ethylene 
derivative, a propylene derivative and other 
derivatives; (c) purifying the alkene derivative to 

15 produce a purified alkene derivative segment and an 

unconverted reactant-based segment; (d) recovering and 
removing the purified alkene derivative; (e) removing 
undesirable by-product gas from the unconverted 
reactant segment and feeding a first portion of the 

20 treated unconverted reactant segment to the reacting 
process in step (b) and then removing from the second 
portion of the treated unconverted reactant segment any 
components that are incompatible for use as feedstock 
in step (a) ; and (f ) feeding the further treated second 

25 portion of the unconverted reactor segment of step (e) 
with the feedstock of step (a) into the alkene process. 

[0017] This invention also relates to an 
apparatus for integrating an alkene derivative process 
with an alkene process comprising an alkene process 

30 having means for producing alkene from hydrocarbon 
feedstock and means^for discharging the alkene to a 
reactor unit. The reactor unit has means for producing 
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an alkene derivative from oxygen, alkene from an alkene 
source and reactants, and means for discharging the 
alkene derivative to a product recovery unit. The 
process gas treatment unit having means for removing 
5 undesirable gas from the unconverted reactants and 

means for discharging a portion of the undesirable gas- 
free unconverted reactants to the reactor section and 
the remainder to a purge gas treatment unit. The purge 
gas treatment unit has means for removing components 

10 that are incompatible for use in the alkene process and 
means for discharging the component-free unconverted 
reactants to the alkene process. 

[0018] The current invention combines the alkene 
derivative process with the alkene process. The alkene 

15 derivative process purge stream is sent to the alkene 
process train. The alkene process train cracks 
hydrocarbons to produce alkenes (such as ethylene and 
propylene) for the alkene derivative processes. As 
will be discussed, the purge stream enters the train at 

20 one of several possible stages and travels with the 
hydrocarbon feed. Inerts from the purge stream are 
removed at a demethanization stage of the alkene 
process. The alkenes are then sent to the alkene 
derivative processes, while the separated inerts can 

25 then be sent off as usable fuel streams. 

Brief Description of the. Drawings 

[0019] Other objects, features and advantages 
will occur to those skilled in the art from the 
30 following description of preferred embodiments and the 
accompanying drawings, in which: 
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[0020] Fig. 1 is a schematic representation of an 
alkene derivative process integrated with an alkene 
process in accordance with the invention; 

[0021] Fig, 2 is a schematic representation of a 
5 process for ethylene recovery from an ethylene oxide 
process by integrating the ethylene oxide process with 
the ethylene process; 

[0022] Fig. 3 is a schematic of a representation 
of a demethanization section of the ethylene process of 
10 Fig. 1; and 

[0023] Fig. 4 is a schematic representation of an 
ethylene oxide process coupled to the quench section of 
an ethylene process. 

15 Detailed Description of the Preferred Embodiment 

[0024] As shown in Fig. 1, alkene is recovered 
from an alkene derivative process purge through 
integration of the alkene and alkene-derivative 
processes. For this purpose^ the alkene derivative 

20 process purge is first treated to remove any 

undesirable component prior to processing it in the 
alkene source (i.e., an alkene plant) for alkene 
recovery. Due to small volume of purge stream 
(generally less than 1%) relative to the volume of gas 

25 being separated in the alkene source, there generally 
will not be any need to resize the separation train of 
alkene process. Thus, the process of the subject 
invention is cost-effective. In addition, by 
integrating alkene and alkene derivative processes, 

30 more complete recovery of alkene (generally more than 
90%) is achieved, and the volume of hydrocarbon 
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containing vent, if any, from the alkene derivative 
process is significantly reduced. 

[0025] Hydrocarbon feedstock 10 is processed in 
the alkene plant 32 to produce alkenes such as ethylene 
5 and propylene. Examples of alkene source feed include 
ethane, propane, butane, and naphtha. The same 
reference numbers have been used to identify the same 
parts in the drawings of this application. Alkene 
product stream 11 is sent to the alkene derivative 

10 reactor 18. as feed. This alkene reacts with oxygen 13 
and other reactant(s) 15 to make the alkene derivative 
product. For example, ethylene oxide is manufactured 
by reacting ethylene with oxygen and vinyl acetate is 
manufactured by reacting ethylene with oxygen and 

15 acetic acid. Alkene derivative product in the reactor 
effluent is purified and recovered as stream 26 from 
the product recovery section 20. The process gas 
containing unconverted reactants is treated in the 
process gas treatment section 22 to remove the reaction 

20 by-product such as carbon dioxide and recycled back to 
the reactor, and purge stream 28 from process gas 
treatment section is established to prevent build up of 
inerts in the process loop. This purge gas 28 is 
processed in purge gas treatment unit 24 to remove any 

25 components that are incompatible with alkene plant 32. 
One example of such component is oxygen, which can be 
removed by chemical reactions that consume oxygen, 
and/or oxygen selective adsorbents yielding oxygen-free 
gas. The stream 30 is passed from unit 24 from purge 

30 gas treatment unit 32. 

[0026] Reaction system can be designed to carry 
out catalytic chemical reactions between hydrocarbons 
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and oxygen, and/or between externally added hydrogen 
and oxygen to consume all of the oxygen. If only 
alkene reacts with all of the oxygen to form complete 
combustion products, then that will translate into an 
5 alkene loss of generally less than 10% of alkene 

contained in the purge stream. The remaining alkene is 
then recovered in the alkene plant separation system 
32. 

[0027] The reaction system can also be designed 

10 and operated such that hydrogen reacts preferentially 

with oxygen^ thus minimizing alkene losses to oxidation 
products. The reactor effluent generally contains 
alkene, argon, methane, nitrogen, hydrogen, carbon 
dioxide and possibly some carbon monoxide. The stream 

15 is sent to the alkene separation train where ethylene 
and propylene are separated from ethane and higher 
hydrocarbons and other alkenes, carbon dioxide, carbon 
monoxide, methane and hydrogen. An additional 
component that is not present in the conventional 

20 alkene separation system is argon. After carbon 

dioxide and water removal, crude alkene stream can be 
separated in a cryogenic section. The cryogenic 
section separates hydrogen first and the fuel stream 
(mostly methane) from the alkene stream. Since argon 

25 and nitrogen are more volatile than methane, they are 
expected to separate with methane in an overhead of a 
demethanizer column as shown in Fig. 3 and discussed 
below. In this way, the subject invention uses alkene 
plant's existing separation capability to reject argon 

30 and nitrogen from the purge stream while recovering 
most of the alkene (generally more than 90%). 
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[0028] Fig. 2 is a schematic illustrating the 
integration of ethylene oxide (alkene derivative) and 
ethylene processes to recover ethylene from the 
ethylene oxide process purge. A novel feature of this 
5 invention is the integration of the alkene derivative 
process and the ethylene process. Additionally, a 
novel deoxo treatment is used in the alkene derivative 
process. After carbon dioxide 40 is removed from the 
reactor effluent, a portion of the stream becomes a 

10 purge stream. The deoxo unit removes oxygen from the 
purge, which is then sent to the ethylene process for 
ethylene recovery. A brief summary of the ethylene 
manufacturing process comprises: (a) cracking 
hydrocarbon feedstock 10 to section 7 0 to produced 

15 cracked gas; (b) cooling in section 22, compression in 
section 74 and clean up (acid gas removal) in 75 and 
further compression in section 78; (c) separating 
hydrogen, fuel components (such as methane and carbon 
monoxide) , inert components (such as argon and 

20 nitrogen) in the dmethanizer unit 80; and (d) 

separating ethane, ethylene and other products in the 
product separation section 82. 

[0029] A brief summary of the ethylene oxide 
manufacturing process comprises: (e) production and 

25 recovery of ethylene oxide from ethylene and oxygen in 
the reaction section 18 and product recovery section 
20; (f) removing carbon dioxide from reactor effluent 
gas in section 22, and recycle of treated gas; (g) 
processing of the purge gas to remove oxygen in the 

30 purge treatment unit 24; and (h) feeding treated purge 
gas to the compression and clean-up section of the 
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ethylene process for recovery of ethylene in the 
subsequent separation sections. 

[0030] In the ethylene process, hydrocarbon 
feedstock 10 and ethylene process recycle stream 84 
5 from product separation system 82 are thermally cracked 
in the presence of steam in cracking furnace 70. 
Reaction products include ethylene, methane, hydrogen, 
other alkenes and alkanes, carbon monoxide, carbon 
dioxide, water, sulfur and nitrogen containing species 

10 (if sulfur and nitrogen are present in the feed) . 

[0031] Heat for endothermic cracking reactions is 
generally supplied by using methane-rich fuel stream 
from the separation system as fuel in cracking 
furnaces. Cracking products are quickly cooled and 

15 sent to fractionating towers to recover gasoline and 

light oil fractions. Cracked gas 4 from the quenching 
and light oil recovery section 22 is sent to the 
compression and clean-up sections 74, 75 and 78. The 
cracked gas is compressed and cleaned to remove water 

20 and acid gases. A multi-stage compressor can be used 
to compress the gas stream 4 to a final pressure range 
of about 450-500 psia. The acid gas removal system 75 
is located between the third and fourth stages (74 and 
78) of the compressor. A treated stream 30 (described 

25 later) is also introduced into section 74 for ethylene 
recovery. The stream 30 is added at appropriate 
location in the compressor train depending on its 
pressure, but prior to acid gas removal system which 
includes absorber-stripper for acid gas removal (for 

30 example, using 15% monoethanolamine solution) followed 
by a caustic scrubber to remove any remaining carbon 
dioxide. The carbon dioxide-free gas is compressed 
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further in the fourth stage of the compressor and then 
dried to remove moisture. Dried and cleaned gas 8 is 
processed in the demethanization section 80 to produce 
product separation section feed 18. A fuel gas stream 
5 12 rich in methane is sent to the plant fuel header. 
The crude hydrogen stream from the demethanization 
section is divided into two portions^ stream 14 (sent 
to recover high purity hydrogen or to a fuel header) 
and stream 16 sent to the purge treatment unit 24. The 

10 oxygen in stream 28 is consumed in the purge treatment 
unit by reactions with hydrogen in stream 16 and 
hydrocarbons present in both stream 28 and stream 16. 
The resulting oxygen depleted stream 30 is routed to 
the ethylene process for recovering ethylene and 

15 rejecting inerts originally present in stream 28. 

Ethylene 11 from the product separation section 82 is 
supplied to the ethylene oxide reactor 18 in the alkene 
derivative process . 

[0032] In the ethylene oxide process, ethylene 

20 11, oxygen 13, ballast gas 15 and recycle stream 56 are 
fed to a fixed bed reactor. The heat of reaction is 
removed, for example, by boiling kerosene on the 
outside of the catalyst packed tubes in the reactor 18. 
The extent of conversion is generally kept low. 

25 Reactions between oxygen and ethylene results in the 

formation of ethylene oxide, as well as carbon dioxide 
and water. The reactor effluent is sent to an absorber 
for ethylene oxide recovery- The product-free effluent 
42 is split into two portions. One portion 4 6 is sent 

30 to carbon dioxide recovery section 22 and other portion 
44 bypasses that section. Carbon dioxide is removed 
from the gas stream 4 6 by absorption in hot potassium 
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carbonate solution. Waste carbon dioxide is vented as 
stream 52. A small portion 28 of overhead stream 54 
from absorber is purged to prevent build up of argon in 
the loop. The remainder is combined with stream 4 4 and 
5 recycled back to reactor 18 as stream 56. 

[0033] According to the present invention, the 
purge stream 28 is sent to the purge processing section 
(deoxo) 24 for removal of oxygen, and then routed to 
ethylene process. The purge treatment unit 24 contains 

10 one or more catalytic reactors to consume oxygen, 
preferably one reactor. Preferably, the catalytic 
reactor is a catalytic deoxo reactor to emphasize the 
removal of oxygen from the reactor feed stream. The 
catalyst can be a silver catalyst used in the ethylene 

15 oxide reactor or another commercial chemical oxidation 
catalyst. The reactor can be designed to contain a 
single catalyst or more than one catalyst. The reactor 
can operate at a pressure in the 50 to 1000 psia range, 
preferably at a pressure that does not require 

20 compression of the purge stream. The catalyst bed 
temperature can be maintained in the 500°F to 2000T 
range, preferably 800'*F to 1600*^, more preferably 
between 1200**F to 1400'*F to consume all of the oxygen 
by forming combustion products. 

25 [0034] Several alternative embodiments are 

available by the use of this Fig. 2. Effluent gas 30 
may be fed to a number of other processes in the 
present section as shown by the dashed lines. In one 
such embodiment, effluent gas 30 is fed to quench 

30 section 22. In another embodiment, effluent gas 30 is 
fed to cracking section 70 either alone or mixed with 
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ethylene recycle 84. In yet another embodiment, 
depending upon the effluent gas pressure, effluent gas 
30 may be added directly to acid gas removal section 75 
or to higher pressure compression section 78, 
5 [0035] Fig. 3 presents one example of the Fig. 2 

demethanizer section 80 to separate crude hydrogen 
stream and methane rich fuel stream from the cracked 
gas. Dried and cleaned gas 18 is cooled first by water 
in cooler 131 and then by propylene refrigerant in 

10 chiller 132 and the gas sent to the cryogenic cold box 
145, in which it is progressively cooled with returned 
product streams (fuel stream and crude hydrogen stream) 
and propylene and ethylene refrigerants. Chilling 
train consist of heat exchangers 133, 134 and 135 and 

15 separators 136, 137 and 138 to cool the gas. Liquids 
112a, 112b and 112c from the separators are fed to the 
demethanizer tower 140 while vapors Ilia and 111b are 
further cooled in the next cooler in the series. 
Overhead gas 111c from the final flash vessel 138 is 

20 mainly crude hydrogen with small quantities of inert 

components (nitrogen and argon) introduced from stream 
30 (Fig. 2) . The crude hydrogen stream 111c is 
expanded in expander 139 and then warmed in the heat 
exchangers 133, 134 and 135. The warmed hydrogen 

25 stream 114 also referred to as crude hydrogen is sent 
to PSA to recover high purity hydrogen. In the 
demethanizer tower 14 0, methane and inert components 
(argon and nitrogen) in the liquid feeds are stripped 
off. Overhead from the demethanizer contains mainly 

30 methane and hydrogen. Some argon and nitrogen from the 
ethylene derivative process purge stream end up in the 
methane-rich fuel stream. The overhead fuel-rich 
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stream 113 is expanded in the expander 142, then the 
stream 115 warmed through heat exchangers 135, 134 and 
133 and removed as fuel stream 111. The C2+ product 
stream 18 from the bottom of demethanizer is sent to 
5 the product separation section 82 where ethylene 112, 
ethane rich recycle stream 38 and other products are 
separated (see. Fig. 2) . 

[0036] Fig. 4 is a simplified schematic of the 
purge processing unit 24. The purge 28 from the 

10 ethylene oxide process and crude hydrogen 16 from the 
ethylene process are heated and fed to a fixed bed 
reactor, 218, or preferably, a catalytic deoxo reactor. 
The reactor effluent is first cooled by exchanging heat 
with the feed, and then further cooled to remove water 

15 and water soluble species before feeding it to the 
ethylene process compression and clean-up section. 
This way a majority of the oxygen is consumed by 
reaction with hydrogen, thus minimizing ethylene loss. 
The effluent gas 30 from purge treatment unit 24 

20 containing ethylene, argon, methane, carbon dioxide, 
water, hydrogen and carbon monoxide is sent to the 
compression section 74 in the ethylene process. 

[0037] Another embodiment shows an integration 
scheme is also applicable to vinyl acetate 

25 manufacturing process- Fig. 2 is used to describe this 
embodiment. In this case ethylene 11, oxygen 13, 
acetic acid 15 is reacted to produce vinyl acetate 
monomer 50. The effluent gas 42 is split into two 
fractions 44 and 46. Carbon dioxide gas 52 is removed 

30 from stream 4 6 and the treated gas 54 is recycled along 
with stream 44. A purge 28, a minor portion of stream 
54, is established to prevent build up of inerts in the 
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process loop. This purge 28 is treated in the purge 
treatment unit 24 to remove oxygen, thus producing 
oxygen-free stream 30 from which ethylene is recovered 
in the ethylene process. Compared to an ethylene oxide 
5 process, the vinyl acetate monomer process operates at 
lower pressure, typically in the 50 to 150 psia range 
and produces a lower pressure purge. Thus, in this 
case the effluent gas 30 from the purge treatment unit 
24 is sent to the quench section 22. Other options 

10 include feeding it to the cracking section 70, or 
compressing it in the purge treatment section 24. 

[0038] In the integration of the ethylene oxide 
and ethylene processes, and the vinyl acetate monomer 
and ethylene processes, several options exist to remove 

15 oxygen. Fig. 4 showed one embodiment employing 
chemical reactions. The heat released due to 
exothermic reactions in the catalyst bed results in 
temperature rise of the flowing gas. One embodiment to 
control the catalyst bed temperature is to regulate the 

20 reactor feed temperature by splitting the feed stream 
28 into two streams, one of which bypasses the heat 
exchanger recovering heat from the reactor effluent. 
Other embodiments are possible, . such as cooling the - 
reactor effluent before feeding it to the heat 

25 exchanger, thereby recovering heat from a portion of 

the reactor effluent. Although only a few embodiments 
are discussed,, several other possibilities, including 
heat exchange means in the reactor, will be obvious to 
those skilled in the art. 

30 [0039] The purge treatment unit reactor design 24 

employing more than one catalyst bed may be desirable. 
For example, the purge stream 28 can be treated first 
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with a less expensive catalyst to consume bulk of the 
oxygen, then a more expensive catalyst is used to 
assure that all the oxygen has been consumed before 
passing it on to the ethylene process for ethylene 
5 recovery. Either fixed bed or fluidized bed reactor 
can be employed. Fig. 4 shows the use of crude 
hydrogen 15 from the ethylene process for reaction with 
oxygen to produce oxygen-free effluent gas 30. The use 
of a hydrogen-based gas such as crude hydrogen or 

10 higher purity hydrogen is not a requirement for 
recovering ethylene from the ethylene-derivative 
process purge. For example, other reactants or 
adsorbent materials can be used to remove oxygen from 
the purge 28. Another y^ay is to use a combination of 

15 chemical reaction and adsorption processes to remove 
oxygen from the ethylene derivative process purge 
before sending it to the ethylene process. 

[0040] In the prior art of a non-integrated 
ethylene oxide process, high-purity oxygen is generally 

20 preferred to minimize purge stream volume and hence , 
ethylene losses. By providing means to fully recover 
ethylene in the integrated process of the subject 
invention, it is possible to lessen the oxygen purity 
requirements in the ethylene derivative process. 

25 Introduction of additional amounts of inert components 
(such as argon and nitrogen) from low-purity oxygen in 
the process loop requires higher purge flow which 
results in higher ethylene losses in non-integrated 
processes. In the subject invention, this will not be 

30 a problem since 90% or higher of ethylene in the purge 
could be recovered in the ethylene process. 
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[0041] Although the embodiment was discussed with 
the examples of ethylene derivatives, it is also 
applicable for many alkene derivative processes. For 
example, this invention is applicable to propylene 
5 derivatives such as propylene oxide. 

[0042] Those skilled in the art will recognize 
that numerous changes may be made to the process 
described in detail herein, without departing in scope 
or spirit from the present invention as more 
10 particularly defined in the claims below. 



